Hepatitis C virus (HCV) genotype 1a and 3a partial NS5B gene segment sequences obtained from 154 HCV-infected injection drug users were studied to determine the extent to which HCV transmission occurs between injection drug user communities in London, Edinburgh, Glasgow (United Kingdom), Marseilles (France), and Melbourne. Phylogenetic relationships between sequences were analyzed by conventional methods and by a recently developed method that numerically scores the extent of sequence segregation between groups through calculation of association indices. The association indices revealed that none of the cities sampled support an HCV population that is completely isolated from that circulating in the other cities. Sequences from Melbourne were most isolated, whereas those from London were most dispersed. This suggests that HCV transmission between these cities occurs, with London playing a pivotal role. The degree of city-specific segregation of HCV subtype 1a sequences was linearly related to that of subtype 3a, indicating that these subtypes have spread through similar transmission networks.
Hepatitis C virus (HCV) genotype 1a and 3a partial NS5B gene segment sequences obtained from 154 HCV-infected injection drug users were studied to determine the extent to which HCV transmission occurs between injection drug user communities in London, Edinburgh, Glasgow (United Kingdom), Marseilles (France), and Melbourne. Phylogenetic relationships between sequences were analyzed by conventional methods and by a recently developed method that numerically scores the extent of sequence segregation between groups through calculation of association indices. The association indices revealed that none of the cities sampled support an HCV population that is completely isolated from that circulating in the other cities. Sequences from Melbourne were most isolated, whereas those from London were most dispersed. This suggests that HCV transmission between these cities occurs, with London playing a pivotal role. The degree of city-specific segregation of HCV subtype 1a sequences was linearly related to that of subtype 3a, indicating that these subtypes have spread through similar transmission networks.
In industrialized nations, hepatitis C virus (HCV) infection is the major cause of cirrhosis and hepatocellular carcinoma; it has been estimated that 1% of the general population in Europe is infected with the virus [1] . Injection drug use is the main risk factor for infection, and injection drug user (IDU) populations in Europe, North America, and Australasia have seroprevalences of 33%-80% [2] [3] [4] . Because of the relatively recent discovery of the virus, the lack of specific clinical signs of infection, and the paucity of specimens archived before the 1970s, theories regarding the history of the epidemic have largely relied on molecular epidemiology. To date, 6 genotypes have been identified, each subdivided into a number of subtypes (e.g., 1a and 1b) [5] . In industrialized nations, genotypes 1-3 are common, and IDUs are predominantly infected with sub-types 1a or 3a [6] . Genotypes 1 and 3 are also widespread in West Africa and Asia, respectively [7] [8] [9] [10] , and the extensive subtype diversity within these populations suggests long-standing endemic infection. This observation led to the hypothesis that the current HCV subtype 1a and 3a epidemics in the IDU populations of industrialized countries were seeded from ancestral populations in Africa and Asia [11] .
Evidence from molecular studies suggests that HCV subtype 1a is currently in a phase of epidemic growth that started ∼100 years ago [12] . The subtype 3a epidemic demonstrates a similar period of rapid growth occurring over the same broad time scale. Further details with regard to the transmission history of the HCV epidemic in IDUs remain obscure. For example, it is not known whether the period of epidemic growth has been accompanied by significant transmission between geographically distinct IDU communities or whether local epidemics have tended to develop in isolation. Behavioral studies indicate that needle sharing is more common between close friends than between strangers [13, 14] , which suggests that genetic isolation of HCV within geographically distinct communities is likely. Needle sharing has also been reported between persons from different cities, but whether this has been sufficiently common to result in significant HCV transmission remains unclear.
The extent of transmission between cities and countries is important for 2 reasons. First, if genetic isolation were demonstrated, the potential existence of region-specific HCV variants would need to be taken into account in the development of diagnostic, treatment, and vaccination strategies. Treatment re- sponse has been shown to vary by HCV genotype [15] , and more-subtle genetic differences are likely to become increasingly relevant as vaccine research progresses. Second, a finding of extensive transmission between cities would imply that needle sharing occurs between IDUs who are using injection drugs in locations other than their home cities. Such a finding would highlight the need for transmission-control interventions that make provisions for such behavior.
We present an assessment of the degree of genetic isolation of HCV subtypes 1a and 3a circulating within 5 distinct IDU communities, in London, Edinburgh, Glasgow (United Kingdom), Marseilles (France), and Melbourne. Subtypes 1a and 3a were chosen because they are the most common genotypes infecting the IDU populations studied, and therefore phylogenetically comparable viruses from each city are available. Genotypes common in only 1 of the cities studied, such as genotype 4, in Marseilles, were not included, because they would be unsuitable for the analytical methods used. HCV sequences amplified from the serum of IDUs from each of the cities studied were used to estimate phylogenetic trees for each genotype. Genetic isolation was then assessed in terms of genetic diversity and phylogenetic relationships, and the extent of transmission between cities was inferred. The relationship between phylogenetic segregation and both HCV genotype and geographic distance between cities was investigated. To determine the degree of isolation of HCV circulating in separate IDU communities within the same city, we performed a more detailed study of the phylogenetic relationships of sequences amplified from Edinburgh. This involved assessment of the degree of segregation of sequences for viruses obtained in Muirhouse (a close-knit Edinburgh community with a large population of IDUs) from those of viruses obtained outside Muirhouse.
Methods
Samples. Transmission networks were investigated through the analysis of HCV sequence data obtained from the stored serum of 154 HCV subtype 1a-or 3a-infected IDUs from participating centers in Edinburgh, Glasgow, London, Marseilles, and Melbourne. Samples were chosen from patients demonstrated to be HCV positive by polymerase chain reaction (PCR), and patients known to be infected with subtype 1a or 3a viruses were preferred. The samples were drawn between 1995 and 2001, with a mean year of 1999. To maximize our ability to detect recent transmission events, the study population was selected to ensure that the majority had acquired HCV in or after 1985. Thus, the samples were selected from IDUs who either were born after 1969 or had self-reported first injection drug use in or after 1985. To allow a more detailed investigation of transmission within a city, samples from Edinburgh were divided into 2 groups: samples obtained from persons attending Muirhouse Medical Practice (a practice serving a welldefined IDU community) and the remaining samples. To increase the sample size of the Muirhouse group, fresh blood samples were collected from HCV-infected IDUs attending Muirhouse Medical Practice. IDUs attending the practice between November 2000 and May 2001 who were known to be seropositive for HCV and to fit the criteria given above with regard to age and duration of injection drug use were asked to participate in the study. A single blood sample was drawn from each consenting patient. Of the 21 Muirhouse sequences used in the study, 6 were obtained from fresh blood samples. An unlinked background population against which the Edinburgh sequences could be viewed was obtained from stored samples from 18 HCV-infected blood donors from Ireland, Glasgow, and Aberdeen. These samples were drawn between 1997 and 2000. The number of sequences obtained from each city and the mean year of birth of the subjects are shown in table 1.
Laboratory methods. Total RNA was extracted from 200 mL of serum by use of phenol-chloroform, as described elsewhere [16] . Two overlapping fragments were reverse-transcribed and amplified by means of the ACCESS reverse-transcription PCR kit (Promega) from 10 mL of RNA, according to the manufacturer's instructions. Thermocycling conditions were 1 cycle of 48ЊC for 45 min; 1 cycle of 94ЊC for 2 min; 40 cycles of 94ЊC for 30 s, 45ЊC for 1 min, and 68ЊC for 2 min; and final extension at 68ЊC for 6 min. A second nested PCR was done with Taq polymerase (Promega). Thermocycling conditions were 25 cycles of 94ЊC for 36 s, 50ЊC for 21 s, and 72ЊC for 1.5 min, and final extension at 72ЊC for 6 min. The amplified fragments were visualized on 2% agarose gel containing ethidium bromide and then sequenced in both sense and antisense directions with the ABI Prism d-rhodamine or BigDye sequencing kit (Applied Biosystems) or the Sequenase version 2.0 kit (United States Biologicals), according to the manufacturer's instructions. Sequences were aligned with the Simmonic 2000 Sequence Editor. Sequences from nt 8094 to 8788 (genotype 1a) and from 8094 to 8777 (genotype 3a) were used for construction of phylogenetic trees (positions numbered as for HPCPLYPRE, GenBank accession no. M62321). All primers used (produced by Life Technologies) are shown in table 2. Sequencing was done with the same primers that were used for nested PCR.
Estimation of phylogenetic trees and measurement of pairwise evolutionary distances. Unless otherwise stated, all phylogenetic trees were estimated by use of the general time reversible model under maximum likelihood, using PAUP 4.0 software (Sinauer Associates) [17] . Correction both for variation in substitution rate across sites and for invariant sites was included. Sites with base uncertainty were dealt with by giving each possible base at that site a probability determined by the relative base frequencies. The max- imum likelihood calculation was then repeated for each possible base [17] . The indices estimated under maximum likelihood were retained for construction of the bootstrap trees, but, because of computational restrictions, these phylogenetic trees were obtained through neighbor joining. Heuristic searches were used throughout. Trees were visualized with use of Treeview software [18] . Pairwise evolutionary distances were measured directly from the phylogenetic trees by use of TreeEdit software [19] .
Assessment of genetic isolation of sequences obtained from different communities.
Phylogenetic relationships between HCV NS5B gene sequences from the 5 cities sampled were measured in terms of an association index (AI). This method was recently developed to describe the extent of phylogenetic segregation demonstrated by human immunodeficiency virus (HIV) variants isolated from different tissues in infected patients [20] . In the present study, the same index was used to analyze the phylogenetic segregation of HCV isolated from a number of persons residing in different cities. In this case, the index reflects the degree to which virus circulating within a city is phylogenetically distinct from that present in another city. Briefly, the sequences are labeled according to community of origin and are then used to construct 2 sets of phylogenetic trees, termed the "observed" and the "control" trees. The observed phylogenetic trees are used to measure phylogenetic segregation between communities, whereas the control trees determine how often this segregation would occur by chance. The set of observed phylogenetic trees consists of 100 trees estimated as described above from 100 bootstrap resamplings of the sequences of interest. The use of bootstrap-resampled trees ensures that the robustness of the phylogenetic tree is represented in the data. Because the likelihood of a chance occurrence of a given phylogenetic relationship between community-defined groups of sequences is a function of the shape of the phylogenetic tree and the number of sequences present in each group, these attributes must be constant between observed and control trees. Thus, the control phylogenetic trees are constructed from each of the 100 observed trees by randomly reassigning the sequence labels on the terminal branches, which is repeated 10 times, resulting in a control set of 1000 phylogenetic trees.
For each observed and control phylogenetic tree, segregation by group is measured in terms of an association value, as described elsewhere [20] . The AI is the ratio of the median association value of the observed phylogenetic trees against the median association value of the control phylogenetic trees. Values approaching 0 represent almost complete segregation, whereas values у1 suggest no more segregation than would be expected by chance. The program used for this analysis is available as part of the Simmonic 2000 Sequence Editor package [20] . GenBank accession numbers for the sequences presented are AY100024-AY100193, AF516367-AF516372, and AF516382-AF516384.
Statistical analysis. All statistical tests were done with SSPS version 10.0 software. The Wilcoxon signed rank test was used to compare observed with control association values. Observed and control association values derived from a single bootstrap were paired.
Results
Assessment of the isolation of HCV circulating in distinct IDU populations was based on analysis of the phylogenetic relationships between HCV sequences amplified from IDUs. The sequences used were from the HCV NS5B gene and were ∼690 bp in length. For specimens identified as subtype 1a or 3a by genotyping in the donor laboratory, the success rate for amplification of the NS5B sequence was 82%. Samples for which amplification was unsuccessful tended to be those that had been stored under conditions that were suboptimal for RNA recovery. The possibility that a proportion of the amplification failures may represent genotype 1a or 3a variants with poor affinity binding to the primers used cannot be excluded; however, because the success rates were similar for each city (table 1) , it is unlikely that this potential bias has significantly skewed the phylogenetic relationships observed. Within the amplified fragments, 32% of subtype 1a and 36% of subtype 3a bases were variable. Variable sites were broadly distributed along the sequence, but there were a few short stretches with suppressed variability. The ratio of synonymous to nonsynonymous variability was 16 for subtype 1a and 14 for subtype 3a. This suppression of nonsynonymous variability is in keeping with the function of NS5B as an RNA polymerase and implies that the vast majority of the variability results from genetic drift. The mean unadjusted pairwise distance was ∼0.16 nucleotide changes per synonymous site, suggesting that synonymous sequence variability was unlikely to be limited by saturation.
To determine the most appropriate method for estimation of an HCV phylogenetic tree from the NS5B sequences, the log likelihoods of phylogenetic trees estimated by a range of methods were compared using MODELTEST software [21] . The subtype 1a and 3a phylogenetic trees with the lowest log likelihoods were produced by means of the general time reversible model, with correction for rate variation across sites and for invariant sites. These phylogenetic trees were used, therefore, for further analysis, and this model was used for subsequent phylogenetic tree estimation.
To gain an overall picture of the genetic diversity and the degree of segregation of HCV circulating in distinct IDU populations, the evolutionary distance between representative HCV sequences was analyzed. HCV subtype 1a and 3a sequences amplified from the serum of IDUs from London, Glasgow, Edinburgh, Marseilles, and Melbourne were categorized according to city of origin. For each genotype, the mean evolutionary distances between sequences within each category and between all sequences were calculated (table 3). The mean pairwise evolutionary distance for all sequences was found to be similar to that for each individual city, which provides evidence that a history of HCV transmission between the cities exists.
A more detailed assessment of HCV segregation was done through analysis of the phylogenetic relationships between sequences. In the estimated phylogenetic trees, positioning of sequences in city-specific clades implies genetic isolation of HCV within that city. Dispersal of sequences from a particular city among sequences from another city implies either HCV transmission (which may be direct or indirect) between the cities or independent introduction of similar virus into both cities from an outside source. The phylogenetic trees we present clearly demonstrate that none of the cities support an HCV population that is completely distinct from the virus circulating in the other cities ( figure 1 ). Instead, a variable degree of segregation is observed between cities, with sequences from Melbourne appearing to be the most isolated and those from London appearing to be the most dispersed. Further analysis of the phylogenetic trees aimed to estimate the extent of the phylogenetic segregation of HCV between specific cities for each genotype. These data were then used to assess the relationship between HCV genotype and segregation and to determine whether the degree of phylogenetic segregation is related to the extent of geographic separation of the cities. Within each genotype, the degree of phylogenetic segregation between sequences was derived for all pairs of cities in terms of an AI. The AI incorporates an adjustment for chance phylogenetic segregation, the extent of which varies with the number of sequences analyzed. This ensures that comparison of results is meaningful despite the variation in the number of sequences available for each city. For each pair of cities, the association values were calculated for observed and control phylogenetic trees, and the AI was derived (see Methods). Because the range of values for the observed phylogenetic trees is skewed for highly segregated pairs, values are presented as box plots, with the median value marked (figure 2). The pairs of communities are ranked within the subtype 1a plot (figure 2A), with lower AIs (which reflect greater segregation) to the left; this order is retained for the subtype 3a plot (figure 2B).
AI scores approaching 0 reflect a high degree of communityspecific segregation, which suggests that little transmission between the cities has occurred. Thus, the evidence presented suggests that there is little HCV transmission between Glasgow, Marseilles, and Melbourne. Increasing AI scores, which reflect less community-specific segregation, may result from transmission between the 2 communities sampled or may be caused by introduction of genetically similar virus into both communities from an outside source. Thus, the AI score of 0.35 seen for genotype 1a Edinburgh and Marseilles sequences may reflect transmission between the cities but could also be explained by introduction of similar virus into both cities. Phylogenetic trees containing London sequences have consistently high AIs. This is unlikely to be fully explained by transmission from an outside source and suggests that significant HCV transmission has occurred between London and the other communities sampled. An AI у1 is found if no more segregation is observed than would be expected by chance, which is consistent with free transmission between the cities tested. All of the AIs for the cities tested are !1, and the null hypothesis of no difference between the observed and control association values for all pairs of cities and for each pair tested separately is rejected at the level by use of the Wilcoxon signed rank test. Given P ! .001 that the data sets are formed by bootstrap resampling, which approximates but is not equivalent to independent sampling [22] , the quoted P values should be interpreted with caution. However, the data are clearly not consistent with free HCV transmission between any of the cities sampled.
The relationship between HCV subtype and the phylogenetic segregation of HCV between cities is shown graphically as a scatter plot of the AI of HCV subtype 1a against that of subtype 3a for each pair of cities ( figure 3 ). This demonstrates a linear relationship (Spearman's rank ; ), with a trend r p 0.866 P p .001 toward greater segregation (lower AI) in genotype 3a ( ; P p .1 Wilcoxon signed rank test). The positive correlation suggests that both genotypes have been spread through the same transmission network. The similarity of the AIs across the 2 genotypes suggests that efficiency of transmission of HCV is likely to be dependent on factors common to the 2 genotypes, such as IDU behavior, travel, or the export of infectious blood products.
The cities that we sampled represent a wide range of geographic separation, from that between neighboring cities (Glasgow and Edinburgh) to intercontinental separation (Australia and Europe). To determine whether geographic separation of 2 cities is related to the phylogenetic segregation of HCV circulating within those cities, the distance between pairs of cities was compared with their AI by use of Spearman's rank correlation. This revealed a positive correlation for genotype 3a ( ; ) but no significant correlation for genotype r p 0.75 P p .01 1a ( ; ). The correlation is largely disrupted by r p 0.56 P p .09 pairs of cities containing London, which consistently demonstrate a higher AI (less segregation) than would be predicted by distance.
Samples from Edinburgh were also analyzed to investigate the extent of transmission between a well-defined IDU community attending Muirhouse Medical Practice and the remainder of IDUs in Edinburgh. The mean pairwise evolutionary distance for HCV subtype 1a was found to be markedly lower for Muirhouse than for non-Muirhouse sequences, although this was not the case for subtype 3a (table 3) . AIs calculated for Muirhouse versus non-Muirhouse sequences were 0.70 for HCV subtype 1a and 0.93 for subtype 3a (figure 4). These relatively high AIs suggest that transmission between the 2 communities is frequent, but the hypothesis of no difference between the observed and control association values was rejected at a level for subtype 1a and a level for P ! .001 P ! .01 subtype 3a (Wilcoxon signed rank test). To further explore the relationship between HCV circulating within Muirhouse and HCV circulating outside Muirhouse, both sets of sequences were independently compared against background HCV sequences amplified from blood donors in Scotland (excluding Edinburgh) and Ireland. Phylogenetic trees containing the blood donor sequences and either Muirhouse or non-Muirhouse sequences for both genotypes are shown (figure 5). These phylogenetic trees were used to calculate AIs, which demonstrated that, for both HCV subtypes, the degree of segregation from the background population was greater for sequences from Muirhouse than for those from outside Muirhouse ( figure  4) . Thus, although our data demonstrate considerable phylogenetic mixing when Muirhouse and non-Muirhouse sequences are directly compared, there is evidence, both from mean evolutionary distances and from comparison against a background population, of some restriction of transmission of virus into the Muirhouse IDU community. This conclusion is also supported by the distribution of Muirhouse sequences within the subtype 1a phylogenetic tree estimated from our complete sequence data set. This phylogenetic tree is divided into 2 major clades (figure 1), each clade containing sequences from all 5 cities sampled. Although sequences from Edinburgh are distributed throughout both clades, those from Muirhouse are restricted to clade 1.
Accurate data on the date of HCV infection of the subjects are not available; however, all subjects either were born after 1969 or self-reported first injection drug use in or after 1985. It is likely that the actual date on which a subject starting using injection drugs, and, hence, the date of acquiring HCV infection, is correlated with the age of the subject. Given that the mean age of the subjects does differ among the cities studied (table 1) , there is a theoretical risk that this could bias the degree of transmission observed. To assess whether differences in the age of subjects across the cities sampled is likely to have affected the results, the age distribution of "subjects demonstrating crosscommunity transmission" versus "subjects demonstrating community segregation" was compared. These 2 groups of subjects were defined by the phylogenetic relationship between the viral sequences amplified from the subjects. Thus, subjects demonstrating cross-community transmission were those for whom the amplified viral sequence had as its nearest phylogenetic neighbor either a virus from another city or a node from which the majority of the descendents originate from other cities. In contrast, subjects demonstrating community segregation were those whose virus clustered most closely with another sequence from the subject's city or with a node from which one-half or more of the descendents are from the subject's city. By use of Student's t test for independent samples, no significant difference at the P p level was found between the age distribution of the 2 subject .05 groups, either in the complete data set or in cities considered individually (data not shown). These observations are reassuring and suggest that, in this data set, the age of the subjects does not affect the extent of segregation that is observed.
Discussion
The main aim of this study was to assess the extent of HCV subtype 1a and 3a transmission between the IDU communities of different cities. The method we used required the generation of sequence data sets for 1a and 3a virus circulating within these cities. Because the sequences were derived from stored blood held in clinical virology laboratories or hospitals, the viral sequences generated are representative of the HCV-infected IDU populations within the catchment areas of the participating centers but will be biased toward persons seeking medical care. Although we have no reason to believe that virus circulating within these persons is being transmitted through a separate network from that in the remainder of the HCV-infected IDU populations of these cities, the limits of the population sampled should be kept in mind when our results are interpreted. The samples from each city demonstrate the same breadth of genetic diversity (table 3) as has been found in a population of unlinked subtype 1b variants [11] . This makes it unlikely that sampling was unduly restricted. The use of NS5B as the gene of choice for phylogenetic analysis of HCV is in accordance with recent analysis of phylogenetic signal across the full HCV genome. This study also demonstrated the importance of using a tree-building model that includes correction for rate heterogeneity across sites [23] .
Analyses of both pairwise evolutionary distances and phylogenetic relationships suggest that none of the cities support an HCV population that has developed in isolation from the other cities sampled. To illustrate the results gained when an isolated population is assessed, the AI was calculated for a population with a known transmission pathway. The same segment of the NS5B gene described in Methods was amplified from stored serum samples from 14 women infected with HCV through contaminated anti-rhesus D immunoglobulin in 1977 [24] . These sequences were compared with 31 unlinked HCV 1b sequences obtained from GenBank (accession nos. M62321, AF054247, AF33324, M84754, L02836, U01214, NC001433, U45476, D10934, X61596, D11355, D63857, D30613, S62220, M96362, AB049087-AB049089, AB049091-AB049096, AB049098-AB049101, AF165046, AF165048, and AF165050). The resulting AI was .0005, demonstrating complete segregation of the 2 populations.
The phylogenetic mixing seen between NS5B sequences from different cities likely reflects transmission between the IDU populations sampled. However, theoretically, the pattern could have been generated through a number of independent introductions of similar virus into different cities, either from an ancestral population or from recipients of HCV-infected blood products. Given that the proposed ancestral populations have been shown to contain wide subtype diversity, the multiple introductions required to generate the observed mixing would be unlikely to have resulted in a population dominated to such an extent by 2 subtypes. Similarly, because blood transfusion recipients are largely infected with subtypes 1b, 2a, and 2b, multiple introductions from this population would not have produced the subtype 1a and 3a epidemics. It is therefore much more likely that the phylogenetic mixing is the result of IDUto-IDU transmission among the sampled populations. A similar observation of phylogenetic mixing has been demonstrated for HIV infection of IDUs from different cities in the United Kingdom and Ireland [25] and from different European countries [26] . In the former report, the authors found no clear evidence of segregation of sequences on the basis of city or country of origin, whereas, in the latter, segregation evident early in the epidemic was found to be progressively lost over time.
Our observation that sequences from London are particularly widely dispersed among the sequences from other cities suggests that London may have a central role in international transmission of HCV between IDU communities. This is in keeping with London's position as a common travel destination and with previous research in which IDUs from Edinburgh reported sharing injection equipment in London [27] . Our finding that London sequences demonstrate greater dispersal than would be expected by distance alone suggests that measures placing more emphasis on likelihood of travel may be superior predictors of transmission.
The similarity between the pattern and the extent of phylogenetic segregation observed for HCV subtypes 1a and 3a implies that these 2 subtypes have been present within similar transmission networks and that efficiency of transmission is defined by characteristics of the transmission network rather than by the HCV genotype. The present study was limited to subtypes 1a and 3a, and it should not be assumed that other subtypes entering the IDU population are being transmitted through similar networks. For example, it is possible that more-recently introduced subtypes are circulating within a section of the IDU population with specific behavioral or travel characteristics. However, the finding of cross-city transmission for both subtypes 1a and 3a does suggest that other subtypes have the potential to become widespread if they enter the IDU transmission network, a phenomenon recently observed in the Seine-Saint-Denis district of Paris for genotype 4 [28] . The trend toward less segregation for genotype 1a, compared with genotype 3a, could be interpreted as evidence that subtype 1a has greater efficiency of transmission. However, this trend is adequately explained by the observed separation of subtype 1a into 2 major clades, which has the effect of disrupting city-specific segregation.
The assessment of HCV segregation in Edinburgh suggests that even within a city, there are relative barriers to transmission. This is in keeping with behavioral studies that indicate that, among IDUs in Edinburgh who report sharing equipment in the previous 6 months, 70% report sharing with a close friend, whereas only 23% report sharing with a stranger or acquaintance [14] . The observation that the HCV subtype 1a samples from Muirhouse are restricted to 1 of the 2 widely circulating clades is intriguing. Study of the HIV epidemic in Edinburgh IDUs has demonstrated an early phase of the epidemic (1984) (1985) (1986) (1987) (1988) during which a single HIV strain predominated [26] . Although a similar discrete Edinburgh HCV clade has not been demonstrated, restriction of the Muirhouse sequences to 1 of the 2 subtype 1a clades does suggest relatively restricted HCV transmission into this community. Conclusions drawn from these observations should be tempered by understanding that the sample size was small and that greater diversity was demonstrated in subtype 3a.
We conclude from this study that there has been transmission of HCV between IDU populations in the 5 cities we examined and that London has played a central role in this transmission network. Strategies aimed at controlling transmission should be developed with the presence of this network in mind. Our results provide no evidence to suggest that HCV circulating in IDU populations is likely to develop country-specific genetic differences of relevance to treatment or vaccine design.
